INTRODUCTION
Antipredator behavior plays a vital role in predator-prey relationships. When a predator's attack is imminent, prey lacking special defensive weapons or effective crypsis can only survive by escaping. From the proximate viewpoint, the physiological properties of the neurons that trigger escape responses have been extensively investigated in arthropods such like locusts and grasshoppers (e.g., Locusta migratoria; Simmons and Rind 1992 , Hatsopoulos 1995 , Gray 2005 Gabbiani et al. 2002) , flies (Holmqvist and Srinivasan 1991, Trimarchi and Schneiderman 1993) , cockroaches (Fouad et al. 1996) , crabs (Medan et al. 2007 , Oliva et al. 2007 , and crayfish (Zucker 1972) , as well as vertebrates (Gahtan et al. 2002 , Hale et al. 2002 . Among arthropods, the brain and nervous system of locusts have features that make them particularly useful for studies of the relationship between neuronal responses to visual stimuli and escape behaviors (Burrows 1996) . Therefore orthoperan species such as grasshoppers have been used most often as models for electrophysiological studies. Accordingly, we restrict our discussion to researches conducted on Orthoptera. Visual cues are important for prey because they can provide information allowing predator recognition at a relatively safe distance from the approaching predator. Several decades of neurophysiological studies have demonstrated that specific identifiable neurons in the locust visual system are tuned to objects approaching on a collision trajectory (e.g. Rind and Simmons 1992). These neurons respond to angular size and angular velocity (Hatsopoulos et al. 1995) or angular acceleration (Rind and Simmons 1992) of the images of approaching objects as projected on the retina. The electrophysiological properties of the neurons are known so well that they are employed in robotic systems (Blanchard et al. 2000 , Stafford et al. 2006 , Stafford et al. 2007 ) designed for avoiding obstacles.
Visually elicited escapes have also been approached from evolutionary perspective. In this ultimate level of analysis, graphical (Ydenberg and Dill 1986) Shin, Hong-Sup and Piotr G. Jabłoński*
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ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ proximate mechanisms, from a very simple computer-generated neural network, with evolutionary mechanisms has been used to interpret variation in escape behavior among populations (Blumstein et al. 2006) . Here, we predict further integration between research of proximate mechanisms and evolutionary cost/benefit analyses of visually-elicited escape behaviors using Orthoptera as examples. We restrict this review to electrophysiological research on locust visual sensory neurons used in escape behavior and general modeling studies of the costs and benefits of prey escape responses.
PROXIMATE LEVEL: ELECTROPHYSIOLOGY OF PREDATOR DETECTION AND ESCAPE INITIATION IN LOCUSTS

Movement Detecting Neurons in Locusts
Certain visual neurons in locusts have selective sensitivity to approaching objects and appear to react to approaching predators with timing properties that are adaptively tuned to promote successful escape from a predator. The nervous system of locusts provides an excellent model system for neurophysiological studies because (a) it consists of a relatively small number of neurons, (b) the majority of neurons have been identified as to function, and have firing patterns that are easy to record and (c) the neuronal response is directly related to insect escape behavior (Burrows 1996) . The most widely studied locust visual neurons involved in triggering insect escape responses are: the lobula giant movement detector or "LGMD" (O'Shea and Williams 1974) and the descending contralateral movement detector or "DCMD" (Rowell 1971) . The LGMD has fan-shaped dendrites and is a point of convergence for retinotopic inputs (O'Shea and Rowell 1976) . The postsynaptic connection of the LGMD with the fastconducting DCMD has the largest diameter of the contralateral nerves. The DCMD has a synapse with other interneurons that forward signals to subsequent motor neurons. These motor neurons evoke jumping and flying behavior (Burrows and Rowell 1973) . Intracellular recordings show that the DCMD axon spike comes after the LGMD spike 1:1 with constant latency, which implies highly correlated properties of both neurons. These empirical data indicate that the LGMD/DCMD neurons function as transducing processors in the nervous system of locusts. These neurons are involved in converting visual signals to motor actions so that visual stimuli from approaching predators can evoke escape behavior at an appropriate moment. Because the LGMD/ DCMD pathway is believed to be an important component of the escape-triggering pathway, the physiological characteristics of these neurons establish a basis for understanding the mechanisms by which escape behaviors are triggered.
Fine-Tuning to Approaching Objects
Previous studies verified that (a) the DCMD tends to react to approaching objects rather than retrograde or translating figures (Rind and Simmons 1992), (b) the "critical cues" for the DCMD are an increase in the size of edge and a consistent increase in edge velocity (Simmons and Rind 1992) , and (c) the neuronal activity can be elicited by multiplying the velocity and the size of an object's image projected onto the retina (Gabbiani et al. 2002 , Hatsopoulos et al. 1995 although some of the details are disputed (Gabbiani et al. 1999, Rind and Santer 2004) . Gabbiani et al. (2002) claimed that the mathematical product of an exponential function of the size and the velocity of the image predicts the peak spiking frequency. This peak was predicted to occur before the expected moment of collision between the object and the locust. Therefore, they proposed that the peak can be used by locusts to anticipate collision and to trigger the escape. However, Rind and Simmons (1992, 1999) asserted that the angular acceleration of objects is closely associated with the spiking frequency and their simulation model suggests that the peak often occurs after the expected time of collision with an object (Rind and Simmons 1999). They argue that peak therefore cannot be the signal triggering the escape. Instead, they proposed that a threshold value of the spiking frequency, corresponding to the threshold value of the angular speed of expansion of an object image on the locust's retina may trigger the escape. Regardless, the above-mentioned visual variables (angular size, angular speed) can be extracted by a visual system experiencing the approach of e.g., an avian predator. Researchers agree that responses of the neurons are restricted and finely tuned to stimuli associated with such approaching objects. Therefore, it is reasonable to conclude that this fine-tuning, and other properties of the neurons, might be the results of selection for effective escape from predators. Hence, the properties of these neurons in prey might have been shaped by the predators, but research in this area integrating electrophysiology and evolutionary ecology is still in its infancy.
Neural Network Models at the Proximate Level
Simulations that faithfully mimic the natural neural network used in insect escape behavior create stepping stones towards future optimality models that may focus on the evolution of such networks (and hence the evolution of neural structures in animals). The neural network model of the orthopteran escape pathway imitates the electrophysiological properties of the LGMD/DCMD neurons in locusts in a collision-detecting neural network (Rind and Bramwell 1996) . The neurophysiological activity simulated in the model matches the activity of the real system in locusts. This model was subsequently used by Stafford et al. (2006) to devise a computer-based robotic system that was able to perform a variety of tasks such as avoiding
